Dietary carbohydrates have been demonized for presumed negative effects on health. However, Liu et al. (2018) identify new pathways for conversion of glucose into acetate that consume reactive oxygen species. A study relating human carbohydrate consumption to all-cause mortality also suggests that moderately highcarbohydrate diets can be beneficial.
Glucose, the main dietary carbohydrate usually ingested in the form of plantderived starch, is the major energy source for most cells. It is recognized that glycolysis, which is central to glucose metabolism, is increased in cancer cells to provide building blocks for biomolecule synthesis, a prerequisite for cell proliferation. In addition, with the continued rise in the prevalence of metabolic diseases such as diabetes and obesity, the dark side of dietary carbohydrates has often been highlighted. This has led to a perception that increased carbohydrate consumption is detrimental to health, and various low-carbohydrate diets have been promoted. However, this view may need to be revisited in the light of recent unexpected findings by Liu et al. (2018) . They delineated a novel route for utilizing excess glucose, in which glucose-derived pyruvate is directly converted to acetate. Their findings suggest an intriguing new pathway by which dietary carbohydrates could be more beneficial to health than previously realized. Liu et al. (2018) set out to explore how acetate is generated in cancer cells. By utilizing stable isotope labeling of carbon and oxygen and liquid chromatography coupled to mass spectrometry, they systemically analyzed glycolytic fluxes. Surprisingly, apart from being produced by gut bacteria or from breakdown of acetyl-CoA, they found that acetate can be synthesized directly in mammalian cells at a rate dependent on the generation of pyruvate and lactate, indicating a close relationship between the rates of glycolysis and acetate generation ( Figure 1 ). They confirmed that a significant portion of acetate can be produced directly from pyruvate, both in cultured tumor cells and in mice bearing sarcomas. Importantly, they found that reactive oxygen species (ROS, both endogenous and exogenous) could act as nucleophiles that generate acetate from pyruvate non-enzymatically, both in cell-free assays and in intact cells. Quantitative flux analysis showed that up to 30% of glucose-derived acetate is contributed by transient increases in ROS, with the remainder being due to enzymatic conversion by pyruvate dehydrogenase, which is normally thought of as catalyzing conversion of pyruvate to acetyl-CoA. The acetate produced functions in a variety of ways, such as conversion to acetyl-CoA for lipid synthesis and cell proliferation, or export from cells and utilization by other cells. This pioneering study reveals a new pathway for glucose metabolism and suggests a previously unrecognized role of glucose in metabolic regulation. In particular, the conversion of pyruvate to acetate joins with the NADPH generated in the pentose phosphate pathway (PPP), particularly in cells under stress conditions (Li et al., 2016) , and the reduced glutathione derived from serine synthesis (which branches off from the glycolytic intermediate 3-phosphoglycerate) (Mullarky and Cantley, 2015) , as natural antioxidants derived from glucose (Figure 1) .
Although contributing remarkable new progress in our understanding of glucose (Liu et al., 2018) identifies that the glycolytic product pyruvate can be converted, in addition to lactate, to acetate, which is catalyzed by ROS (reactive oxygen species) generated as by-products from oxidation of pyruvate and free fatty acid (FFA) in mitochondria. FAO, fatty acid oxidation. Such generated acetate can be secreted into circulation to be used by other cells or for excretion. It is of great interest to determine what other conditions than cancerous growth can facilitate the pyruvate to acetate conversion (Illustrator, Jiayuan Zhang).
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Cell Metabolism 28, November 6, 2018 ª 2018 Elsevier Inc. 671 metabolism, the findings by Liu et al. were limited to cancer cells and it is not yet clear whether they also apply to normal cells. However, it is possible that acetate could also be produced in normal tissues if heightened activity of glycolysis is taking place. In light of the similar strategies for metabolic remodeling between aerobic glycolysis in cancer cells (the Warburg effect) and the anaerobic glycolysis in hypoxic cells (Trayhurn, 2013; Andrejeva and Rathmell, 2017) , the discovery of the new acetate production pathway may have more widespread implications. It will be interesting to investigate whether this antioxidant reaction is also present in normal cells, particularly in those with restricted oxygen availability or in transient hypoxic environments. The acetate generated could either be utilized by other cells or even excreted. In this sense, glucose may have an altruistic role in protecting cells by contributing a novel shunt that removes ROS.
Limiting dietary carbohydrates has gained substantial popularity for shortterm weight loss, despite the lack of evidence to support the beneficial effects of such diets on health in the longer term. The carbohydrate phobia might have in part arisen from studies reporting that high glucose levels lead to increased production of ROS that cause cytotoxic effects, and the suggestion that oxidative stress may be a major cause of problems in diabetic patients (Poitout and Robertson, 2008; Giri et al., 2018) . However, those conclusions mostly relied on studies with cultured cells in vitro, or diabetic models. It is important to note that glucose concentrations vary markedly between tissues and cells, regardless of the relatively constant blood glucose levels. Our view of the benefits of glucose, therefore, should not be obscured by its negative effects derived from experimental conditions such as high glucose concentrations, which would elicit inhibition of AMPK and maintenance of mTORC1 activity (Zhang et al., 2014) with potential negative impacts on lifespan. Considering the antioxidant function of the newly discovered acetate synthesis pathway as well as the classical PPP, the contribution of excess glucose to redox homeostasis needs to be reevaluated in physiological contexts. One piece of good news concerning the consumption of diets containing relatively high carbohydrates came from a recent meta-analysis of studies involving 432,179 participants, with a mean follow-up of 25 years, of humans on diets with varying percentages of energy from carbohydrates. This revealed, in the long term, a much higher mortality rate in the low-carbohydrate groups than those in groups consuming medium to high carbohydrates, with the minimal risk observed at 50%-55% carbohydrate (Seidelmann et al., 2018) . This public health study thus warns against the view that high-carbohydrate diets are always deleterious. In the end, we should come back to the original wisdom that a balanced diet brings good health, although the debate about what constitutes a balanced diet will no doubt continue.
